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Roles of myocardial wall stress in ventricular performance,
Cyclic contraction and relaxation of the cardiac ventricles
generates hemodynamic work needed to pump blood . In
turn, hemodynamic farces regulate ventricular performance
as myocardial preload and aferload govern the starting
and ending points of ventricular contraction- These mye,
eardial loads are most accurately represented by left ventric-
ular wall stress at end-diastole and end-systo€e, which incor-
porate both the pressure and ventricular geometric compo-
nents of the Laplace relation . Studies combining left
ventricular pressures with angiographic or echocardio-
graphic measurements of chamber dimensions have demon-
strated several roles of myocardial stress in the human heart .
End-systolic stress appears to determine the degree of
ventricular emptying for a given contractile state and rear-
rangement of these variables into stress-shortening relations
permits estimation of contractility (1,2) . The integral of wall
stress throughout systole governs oxygen consumption per
gram of myocardium (3) and peak left ventricular wall stress
appears to be the principal stimulus to left ventricular
hypertrophy
(4) .
Because blood pressure is easier to measu-c and to
change therapeutically than is cardiac geometry, 3 entricular
afterload is usually thought of in terms of blood pressure . To
further simplify matters, it is commonly assumed that
1) systolic and diastolic arterial pressure land occasionally
its level at the dicrotic match) provide all the information
needed from the arterial pressure waveform, and 2) the
level of pressure in the brachial or radial artery accurately
reflects that in the aorta and left ventricle . Recent re-
search has identified important deviations from these as-
sumptions .
Variations in the shape of the arterial waveform and effect
on arterial pressure. In one series or studies O'Rourke's
group
(5-8) and other investigators (9) have shown that the
shape of the arterial waveform is complex and also differs
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systematically between peripheral and central arteries (for
example, radial versus carotid artery or arena) . This differ-
ence is affected by age and conditions such as hyper-
tension or congestive cardiomyopathy
. In healthy young
individuals studied by the noninvasive technique of appla-
nation tonometry (R) . the pulse pressure increases from
central to peripheral arteries (that is . systolic pressure is
higher and diastolic pressure lower in the brachial artery
than in the carotid artery or aorta) and peak systolic pressure
is reached relatively early in systole, near the hose of peak
flow, in all arteries (6). In older adults or patients with
hypertension, the central arterial pulse pressure widens
(becoming more like that in peripheral arteries) ; augmenta-
tion of late systolic pressure causes pressure to peak in late
systole and pressure in peripheral arteries continues to reach
its maximum in early systole
(6) . Ttiis increase in central
arterial pulse pressure is due to increased characteristic
impedance of the proximal aorta (which causes aortic pres-
sure to rise more rapidly during the early part of left
ventricular ejection) and to reflected pressure waves return-
ing from the peripheral arterial tree, which cause late sys-
tolie pressure augmentation (7) . Late systolic reflected
waves may also be superimposed on the narrow pulse
pressure of congestive cardiomyopathy (9,10) .
Augmenta-
lion of late systolic pressure increases end-systolic pressure
and thus may depress left venlncularfunctton as it augments
end-systolic stress,
These findings indicate that systolic arterial pressure, a
major cardiovascular risk factor, may
be raised by changes
in central aortic impedance and in the peripheral arterial
properties that cause reflectedwaves, In addition, peripheral
measurement of peak arterial pressure in early systole may
underestimate or miss entirely the beneficial reduction in late
systolic aortic pressure by treatments that reduce reflected
waves . In patients with congestive heart failure radial artery
pressure underestimated the decrease in latepeaking central
arterial systolic pressure produced by mtroprusside or nitro-
glycerin by a mean
of 7 and 10 mm Ho, respectively (9,101
.
Similarly, in hypertensive patients brachial artery pressures
underestimated by 5 to 8 mm Hg the central systolic pressure
reduction induced by a combined alpha- and beta-adrenergic
blacker (5) . Underestimation by peripheral systolic pressure
of drug effects was not consistent, ranging from a maximum
of 20 r[na Hg in the presence of prominent reflected waves
before treatment
to core in patients with an early peaking
arterial pressure wa ie (5,9,10)
.
Left ventricular ejection gradients. Another line of re-
search by Pasipoularides et al . (11-13) and other investiga-
tors (14) has identified impatient variations in the force
required to eject blood hum the left ventricle into the aorta,
Measurements of left ventricular and aortic pressures by
high-fidelity catheterization techniques have revealed early
systolic ejection gradients of about 7 mm Hg at rest and
13 mm Hg during low-level exercise in normal humans (121_
These ejection gradients have two components, one that
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tracks with the rate of left ventricular ejection (termed
'Bernoulli gradient" because it can be calculated from
blood flow velocity by the simplified Bernoulli equation [ 151)
and one in early systole related to acceleration of blood
(dvldt) termed the "local acceleration" or "impulse" gradi-
ent
(13,16),
Larger ejection gradients can occur when blood
is ejected rapidly from a large left ventricle through a
normal-sized aortic anulus ("veatriculaamndar diupropor-
tion" ), as may occur in aortic regurgitation, and may reach
00 mm Hg in the special case of left ventricular "cavity
obliteration" in hypertrophic cardiomyopathy (13,14) .
The present study . In this issue of the Journal, Isaaz and
Pasipoularides (17) report an extension
of
this research in
which they use noninvasive Doppler and imaging echocar-
diography to assess left ventricular ejection dynamics in
normal subjects and patients wit mgestive cardiomyopa-
thy. Measurements of flow acceleration rate and velocity
were used to calculate the "impulse" and "Bernoulli"
gradients (termed "local acceleration" and "conveclive
acceleration"), which together equal the pressure gradient
between mid-left ventricle and aorta measured in previous
catheterization studies
. In normal individuals the left
ventricular ejection gradient peaked at nearly 10 mm fig in
early systole and declined thereafter, remaining positive
through more than 00% of systole . In patients with cardio-
myopathy the ejection force peaked at about 6 mm Hg in
early systole and declined more rapidly, remaining positive
for only about 60% of systole. These ejection gradients
would increase peak systolic wall stress by 5% to 10% and
the effect could be larger in patients with rapid . high volume
ejection (such as aortic regurgitation), An early systolic
ejection gradient might slow the velocity of early systolic
ventricular contraction, as suggested by lsaaz and Pasipou-
larides (17) but would have less effect on the left ventricular
systolic stress integral and oxygen consumption and none
on end-systolic stress, which is the primary regulator in
ejection phase ventricular performance indexes . Thus, the
negative feedback between ejection gradients and ventricu-
lar contraction proposed by Isaaz and Pasipoularides (17) is
likely to be of more theoretic interest than practical impor-
tance .
Consequences for left ventricular aferloed. Ventricular
ejection gradients, arterial impedance and reflected waves
may augment left ventricular afterload independently
of peripheral vascular resistance or arterial pressure . In-
creased aortic stiffness or reflected waves raise early and late
systolic aortic pressure, and elevated velocity of normally
timed ventricular ejection or "cavity obliteration" elevates
the left ventricular ejection gradient in the same phases of
systole. Under current concepts high early systolic pressure
and stress (due to increased aortic impedance and rapid
acceleration of ejection) should stimulate myocardial hyper-
trophy (4), and increases in mid to late systolic pressure and
stress due to reflected waves would augment myocardial
oxygen consumption and depress ventricular performance
(2,3). If early and late systolic aflerload rise in parallel, as
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may happen with aging or hypertensive patients, stimulation
of myocardial hypertrophy may allow ventricular perfor-
mance to remain normal but increased myocardial oxygen
demand would render the heart more susceptible to isch-
emia. Combination of the noninvasive techniques of appla-
nation tonometry (5-gl and Doppler and imaging echocar-
diography (17) should permit close approximation of left
ventricular pressure and wall stress throughout systole and
allow testing in relatively rmselected patients of the applica-
bility of these concepts of left
ventricular
afterload derived
from catheterization studies of highly selected individuals.
Furthermore, therapy based on improved understanding of
cardiac afterload may help am-'
.orate the adverse synergism
of arterial hypertension, advancing age and myocardial
hypertrophy in predisposing to cardiovascmorbidity
(18-20) .
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